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Abstract 
Open source operating systems and software have become popular in education. In this work an approach to teaching 
mathematics that emphasizes the usefulness of computer algebra, plotting, visualization and array oriented packages for 
educational purposes is introduced. Open source document preparation and authoring software can aid in the preparation of 
courseware especially in schools with lack of computer software support. A wide range of open source applications for 
educational purposes can be downloaded and installed from SchoolForge. The software introduced in this study is under the 
GNU Public License and free for individual purposes. 
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1.  Introduction 
Computers can answer the need for visualization, computation and interactivity for more efficient mathematics 
teaching. For this reason computer related approaches and associated software designed to aid the mathematics 
teacher in instruction are presented. Some of this software such as the command-line driven graphing software 
GnuPlot has a wide range of graphing capabilities, some has the advantage of preparing mathematics examinations 
and others are sophisticated calculators. 
The software Sage has more powerful features then others in its ability to manipulate and compute with symbolic 
expressions involving factorization or trigonometry.  
Another one, namely Octave, is more likely to be used in numerical computations for linear and nonlinear 
problems.  
For general algebraic and symbolic computations very powerful computer programs such as Maxima or Reduce 
are commonly used in many areas, the educational level of use involves areas varying from engineering to science. 
Accuracy, ease of use and portability make this software popular application for many teachers and students.  
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2. Symbolic Calculation Software 
A suitable choice of software should be made depending on the computing needs of the students and the 
computer support needs of the instructor. It would also be very helpful for the teacher to collect academic 
information on the computer knowledge from the students and determine if they have had previous experience 
working with computers. In a topic combining subjects like factorization and trigonometry, i.e. symbolic 
calculations an appropriate open source software would be Sage. It is suitable for both numeric computations and 
variable dependent symbolic work. It can be obtained from sagemath.org. Basic arithmetic commands are very 
similar to most common computer arithmetic operators. The square root of the number x can be computed with 
sqrt(x) and the exponential can be returned by exp(x). The command A=Matrix([[1,2],[3,4]]) defines a 2x2 matrix. 
The differentiation can be computed via diff(x). The command syms(x) is used if a variable is contained in another 
function when integrating functions. 
3. Numerical Computation 
Octave is powerful open source software to perform numerical computations. It can be downloaded from 
gnu.org. It is referred to be GNU public licensed equivalence of the software Matlab.  
Some of the built-in prefix operators in Octave are sqrt, ceil, exp, fix, gcd, lcm, log, imag and real. The command 
sqrt(x) computes the square root of the number x whatever the sign of the number is.  If the number is negative it  
returns a complex result. The command ceil(x) returns the smallest integer not less than x. The opposite of this 
function is fix(x). The exponential function in Octave is exp(x). The greatest common divisor of two positive 
numbers can be computed in Octave via gcd(x,y). Similarly the least common multiple of two positive numbers can 
be computed via lcm(x,y).  To find the greatest common divisor or least common multiple of three or more positive 
numbers the numbers should be called in the desired function in groups by two. The natural logarithm of a number 
can be computed with log(x). Finally, imag and real returns the imaginary and real parts of a number respectively. 
The matrix are defined with [a1,a2,..;b1,b2,…;…]. For example the command A=[1,2,3;4,5,6;7,8,9] creates the 
3x3 matrix and assigns it to the variable A. An ixi identity matrix can be created with eye(i) command. When the 
matrices are created basic matrix operations between them can be done with +,-,* operators. The inverse and 
transpose of matrix A can be returned by inv(A) and A’ respectively. The eigen-values and determinant of matrix A 
is computed with eig(A) and det(A) commands. 
4. Algebraic Computation 
For algebraic computations in areas including all levels from basic calculus to high energy physics Reduce is a 
powerful package. With its compatibility in all major operating systems and user friendly recent versions it has 
become very popular. It can be downloaded from sourceforge.net. 
The command int integrates the expression and the command diff checks the result in Reduce. There are also 
some useful built-in prefix operators in Reduce. One of them random returns a random integer number. Another two 
are ceiling and floor. 
The built-in prefix operators are abs, factorial, max/min, nextprime, random, sign, round, ceiling and floor. The 
abs command returns the absolute value of a given numerical argument. If the argument is non-numerical an 
absolute value with a numerical coefficient taken outside is returned. The command factorial evaluates the integer’s 
product of all positive integers until that integer number. The commands max/min gives the greatest/smallest 
number of a given sequence. Another useful command nextprime returns the smallest prime number greater than an 
integer. The command random(n) returns a random number in the range. The sign command returns only 1,0 or -1, 
returning the sign of its parameter. The round operator rounds the number to the nearest integer. The ceiling operator 
returns the least integer given than the given number. The floor operator is contrary to ceiling operator and returns 
the greatest integer less than the given number. An example of the usage of these operators is given in Figure 1. 
Indefinite integration in Reduce is computed by int(f(x),x) function. Matrices are defined with 
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mat((a1,a2,..),(b1,b2,…),…).  The command m:=mat((1,2,3,),(4,5,6)) defined a 2x3 matrix and saves it to the 
variable m. Once a matrix is defined the determinant can be computed with det function and the eigenvalue 
spectrum can be computed with mateigen function. Reduce also supports further advanced linear algebra topics. A 
gnuplot interface is also available; it enables visualization. 
5. Conclusion 
The use of open source software in teaching mathematics is a very efficient way of teaching and learning. The 
software in this study is free for public usage under the General Public License and is compatible for most common 
platforms. This reason improves the availability of the software for students and the teachers. The languages of the 
software is also easy to learn and similar in all of this software. With the software discussed above, all calculations 
and computations that have been usually carried out using non free, licensed software like Matlab, Mathematica, etc. 
can be done. They also all have lower system requirements. 
Figure 1. Reduce window 
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